Peale et al. theory suggests many such volcanoes. Furthermore, if Io had the composition of a type C3 carbonaceous chondrite, it would have an order of magnitude less volatiles, and thus the volatile depletion problem would be that much more serious. Such a composition seems more likely than a C1 composition, on theoretical grounds (8) .
One must therefore find another volatile material to drive the volcanism observed on Io. Such a substance must be able to be recycled into the interior of To (if volcanism spews material at the rate of 109 g/sec per volcano, then the whole mass of lo would have been processed ten tinm, given six such volcanoes). It also sh6iild be cosmochemically reasonable. Such an element is sulfur.
Hydrated calcium and magnesium sulfates make up 22 percent of typical Cl material (which translates to a s'ulfur content of 5.5 percent by weight for Cl's), and troilite makes up 7 percent of the mass of a typical C3 composition (giving an abundance of 2.5 percent by weight for sulfur). Other heavy volatiles, such as sodium, are at least an order of magnitude less abundant. Various sulfur compounds such as SO2 and H2S are Fommon constituents of terrestrial vol9anoes'. and these have been suggested as being present in the Ionian volcanic gas (2) . Presumably all these volatiles could have been present in To originally; indeed, the presence of water may have been necessary to oxidize FeS, in the presence of FeO, producing magnetite and H2S. However, once the entire planet had been outgas §d for the first time, only S2 would reR4n. The destruction by solar UV of thl" "ther gases, with the subsequent loss of oxygen and hydrogen, suggests ,flat the driving gas in Tonian volcanoesa the present time must be elemental sulfur. Finally, sulfur has been suggested as a likely surface material of Io (2, 9) .
At the surface temperature of Io (100 K) sulfur will be in a crystalline state with a negligible vapor pressure (<< 10-9 bar); at lithostatic pressures deep within the interior it will be in the liquid or supercritical fluid phase. However, near the surface where gases in the rock become in contact with the surface ambient pressures, the hydrostatic rather than the lithostatic pressure confines the gas. On To this pressure is close to that of a vacuum. Even at 1 atm, crystalline sulfur vaporizes at 444°C. Under To conditions, it is clear that fluid sulfur in contact with magma will vaporize when the rising magma approaches the surface of the planet. The dominant molecule in the gas phase above 1000°C should be S2; the vapor pressure of sulfur at this temperature is on the order of 1 kbar.
On eruption, S2 gas should cool quickly and condense on the surface before destruction by solar UV can take place. Once on the surface, it could be recycled into the planet either by deep convection of the lithosphere, as suggested by Peale et al. (1) , or by simple diffusion and percolation (similar to groundwater on Earth), coming in contact with rising magma at relatively shallow depths.
Such percolation will be possible once the sulfur is liquid. Assuming that the sulfur on the surface is at 100 K and that the thermal gradient is 1300 K in 18 km, as suggested by Peale et al. (1) , this sulfur would have to be buried to a depth of 4 km to reach its melting temperature. Given the eruption rate of 2 x 109 g/sec as before, the entire surface of To would be buried to this depth in less than 10 million years. The lithostatic pressure at this point is 250 bars; the vapor pressure of sulfur at 400 K is 10-5 bar. Thus volcanism will not occur until this liquid sulfur comes in contact with rising hot magma.
Quantitative calculations on the role of sulfur in the eruption process will depend on knowledge of the actual thermal gradient within To and the lithospheric stresses on the surface and measurements of the number and size of the eruptions themselves. With such measurements, it should be possible to test various models of the interior and ther- Abstract. The initial ratios of neodymium-143 to neodymium-144 in kimberlites ranging in age between 90 x 106 to 1300 x 10' years from South Africa, India, and the United States are differentfrom the corresponding ratios in the minerals ofperidotite inclusions in the kimberlites but dre identical to the ratios in the basaltic achondrite Juvinas at the times of emplacement ofthe respective kimberlite pipes. This correlation between the kimberlites and Juvinas, which represents the bulk chondritic earth in rare-earth elements, strongly indicates that the kimberlite's source in the mantle is chondritic in rare-earth elements and relatively primeval in composition. Tables 2 and 3.  Table 3 also includes the 143Nd/144Nd ratios of the bulk basaltic achondrite Juvinas at the times of the respective pipe (12) and by Nakamura et al. (9) . Table 3 shows the shallower mantle, represented by these xenoliths, has a lower Sin/Nd ratio and hence a pattern of light REE enrichment similar to that of alkalic basalts. The isotopic equilibration of coexisting garnet and clinopyroxene in the same sample lends credibility to the fundamental assumption of chemical equilibrium (2) in the estimation of temperatures and pressures of equilibration of the inclusions on the basis of major element partitioning. We regard the different Nd isotopic composition of the phlogopite (in sample B-33) from the coexisting clinopyroxene and garnet as due to contamination from the host kimberlite, in view of the low Nd content of the phlogopite and its intermediate isotopic composition between the kimberlite and the other minerals in the specimen. Thus, in general, the Nd isotopic data support the general conclusion from the petrologic data (2, 3) that the inclusions do not bear a cogriate relationship with their host kimberlite. In other words, the kimberlites are derived from a different stratum (much deeper) in the mantle where the Sm/Nd ratio is larger than in the stratum from which the inclusions are derived. Table 3 and Fig. 1 (14) , and it has a Sm/Nd ratio very close to the chondritic ratio (15 Recent interest in the x-ray microscopy of biological objects has been fostered by the high-resolution (< 100 A) capabilities of contact microscopy in which x-ray resists are used in combination with the comparatively short exposure times (minutes) realizable with synchrotron sources (1). Development of synchrotron sources to provide intense soft x-ray flux is well under way (2). The operating region for soft x-ray microscopy has been defined and comparisons made with competitive microscopies, such as electron microscopy (3) .
The present work with a new soft xray source (4) extends the high-resolution x-ray microscopy technique in several important respects. Exposure times have been drastically reduced: singleshot flash x-ray exposures of -60 nsec duration have been obtained. Because of the charge states of the emitting element (C4+ and C5+), the dominant x-ray emission wavelength is optimum for high-resolution work (1) . Moreover, emission is not restricted to a single wavelength, but contains a band that has been found to be of advantage in minimizing diffraction effects as well as facilitating high contrast in thin regions while avoiding excess opacity in dense regions (5 Abstract. Soft x-ray contact microscopy, utilizing single-shot exposures of -60 nanoseconds duration in polymethyl methacrylate, has been realized with a resolution of300 angstroms. The radiation spectrum is intense in the "window" between 23 and 44 angstroms where water is transparent compared to biological materials, and therefore permits viewing of wet samples.
